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[57) ABSTRACT
An optical information recording/reproducing appara-
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tus which includes a multibeam system optical head

extremely reducible of generation of tracking offset
caused by the inclination of a disc or track follow-up, so
that the twin-spot method and the push-pull method are

‘used to fetch a tracking error signal with respect to one

reproducmg light beam, the reproducing light beam
being tracking-controlled by use of the tracking error
signal obtained by the twin-spot method, and then the

~ tracking control for other light beams is performed by

use of both the tracking error signal obtained by the
push-pull method and the tracking error signal obtained
by the push-pull method with respect to the reproduc-
ing light beam.

15 Claims, 12 Drawing Sheets
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Fig.10
(PRIOR ART)
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Fig. 11
(PRIOR ART)
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Fig. 12
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OPTICAL INFORMATION RECORDING AND
REPRODUCING APPARATUS WITH TRACKING
ERROR CONTROL

FIELD OF THE INVENTION

- The present invention -relates to an optical informa-
tion recording/reproducing apparatus for irradiating a
 reproducing beam and a recording beam onto an infor-
mation recording medium, and more particularly to an
optical information recording/reproducing apparatus
improving the tracking performance.

BACKGROUND OF THE INVENTION

FIG. 10 is a structural view of the conventional opti-
cal information recording/reproducing apparatus de-
scribed on Pages 58 through 62—*“LD Array Head For
DRAW”—of “Micro-Optics News”(Vol. 3, No. 1, ed-
- ited on Feb. 4, 1985) by Ito and Ohta.

Referring to FIG. 10, reference numeral 1 designates
a semiconductor laser array emitting two light beams a
recording beam L1 of high intensity of light and repro-
ducing beam L2 of low intensity of light. Reference

numeral 2 designates a collimator lens for collimating.

the parallel light beams L1 and L2 emitted from the
semiconductor laser array 1, and 3 designates a beam
shaping prism for correcting the distribution of optical
strength of the respective collimated beams L1 and L2.

Reference numeral 4 designates a polarizing beam
splitter, which is adapted to transmit therethrough the
beams L1 and L2 to a beam shaping prism, toward an
information recording medium (to be discussed below)
and to reflect toward an error detecting system (to be
discussed below) a recording reflected beam L1" and a
reproducing reflected beam L2' from the information
recording medium.

Reference numeral § designates a reflecting mirror,
and 6 designates a { wavelength plate, which are dis-
posed on an optical path at the transmission side of the
polarizing beam splitter 4.

Referenice numeral 7 designates an objective lens for
focusing onto the beams L1 and L2 on the information
recording medium the beams L1 and L2, said beams
having already passed the reflecting mirror § and }
wavelength plate 6 respectively. 8 designates an infor-
‘mation recording medium comprising an optical disc
rotatable around a rotary shaft 8a, and 9 designates an
information track 9 formed concentrically or spirally in
the information recording medium 8.

Reference numeral 10 designates a convex lens dis-
posed on an optical path at the reflection side of the
polarizing beam splitter 4, and 11 designates a spatial
filter disposed at the focal point of convex lens 10,
which cuts off the recording reflected beam L1 re-
- flected from the information recording medium 8 and
allows only the reproducing reflected beam L2 to
transmit through the lens 11.

Reference numeral 12 designates a beam splitter for
dividing the reproducing reflected beam L2" which has
already passed the spatial filter 11. The beam s directed
toward a tracking error detection system and toward a
focusing error detection system (both to be discussed
below). Reference numeral 13 designates a two-divided
photodetector for receiving the reproducing reflected
beam L2’ which has passed the beam splitter 12. Refer-
" ence numeral 14 designates a convex lens, 15 designates
a knife edge, and 16 designates a two-divided photode-
tector for receiving the reproducing reflected beam L2

10

15

) |
through the knife edge 15. All of the components 14, 15
and 16 are disposed on the optical path at the reflection

side of the beam splitter 12.

Reference numeral 17 designates a differential ampl-
fier which takes in a difference between the two signals

output from the two-divided photodetector 13. Refer-

“ence numeral 18 designates a tracking actuator for driv-

ing the objective lens 7 in the traversing direction (in
the direction of the arrow T) with respect to the infor-
mation track 9 on the basis of an output signal of the
differential amplifier 17. Reference numeral 19 desig-
nates a differential amplifier which takes in a difference
between the two signals output from the two-divided
photodetector 16, and 20 designates a focusing actuator
for driving the objective lens 7 in the vertical direction
(in the direction of the arrow F) with respect to the

‘surface of the information recording medium 8 on the

- basis of the output signal of the differential amplifier 19.
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In addition, the two-divided photodetector 13 and
differential amplifier 17 constitute the tracking error

detection system for detecting a tracking error of the

reproducing beam L2 irradiated to the information
recording medium 8. The convex lens 14, knife edge 15,
two-divided photodetector 16 and differential amplifier
19, constitute the focusing error detection system for
detecting a focusing error of the reproducing beam L2.

FIG. 11 is an illustration showing the irradiation
states of the respective light beams L1 and L2 with
respect to the information track 9 in FIG. 10. Reference
numerals P1 and P2 designate two light spots, in other
words, a recording spot and a reproducing spot, formed
of the condensed beams L1 and 1.2, the arrow D desig-
nates the traveling direction by rotation of the informa-
tion recording medium 8, and 21 designates a pit formed
on the information track 9 by the recording spot P1.

Next, explanation will be given on operation of the
conventional optical information recording/reproduc-
ing apparatus shown in FIGS. 10 and 11.

The recording beam L1 and reproducing beam L2
emitted from the semiconductor laser array 1 are colli-
mated by the collimator lens 2 to the parallel light
beams and further formed by the beam shaping prism 3
into two light beams having nearly symmetrical intensi-
ty-distribution with respect to the optic axis rotation-
ally.

Nextly, the recording beam L1 and reproducing
beam L2 are incident on the objective lens 7 through
the polarizing beam splitter 4, reflection mirror 5 and %
wavelength plate 6 and focused on the information
track 9 at the information recording medium 8 to gener-
ate the recording spot P1 and reproducing spot P2.

The recording spot P1 is advanced with respect to
the rotation direction of the information recording me-
dium 8 to form on the information track 9 the pits 21
which are modulated according to the contents of infor-
mation, and the lagging reproducing spot P2 reproduc-
ing, at the same time, the content of information iIn-
cluded in the recorded pit.

Continuously, the recording reflected beam L1’ and
reproducing reflected beam L2’ reflected from the in-
formation recording medium 8 are again incident on the
polarizing beam splitter 4 through the objective lens 7,
{ wavelength plate 6 and reflection mirror 5. The re-
flected beams L1' and L2, which reciprocate through
the { wavelength plate 6 so as to rotate in the polarizing
direction of 90°, are reflected at the polarizing beam
splitter 4 and image-formed on the spatial filter 11 by
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the convex lens 10. In this case, only the reproducing
reflected beam L2’ passes through the spatial filter 11, 1s
‘divided by the beam splitter 12, and is recetved by the
two-divided photodetectors 13 and 16.

Accordingly, the trackmg error signal is detected by
the push-pull method using the two-divided photode-
tector 13, the focusmg error signal being detected by
the knife- edge_method The tracking error signal and
focusing error signal thus obtained are amplified by the
differential amplifiers 17 and 19 so as to drive the track-
_ing actuator 18 and focusing actuator 20, respectively.
~ Also, the sum of output signals (not shown) of two-
‘divided photodetector 13 is gained to detect the quan-
-tity of hight of reproducing reflected beam L2’ so as to
reproduce the information signal recorded on the infor-
‘mation track 9 at the information recording medium 8.
The conventional optical information recording/re-
'producmg.apparatus_ records and reproduces the infor-
mation as mentioned above. It is generally known that
when the push-pull method detects a tracking error
- signal, the tracking offset becomes larger. -

FIG. 121s a characteristic graph showing the relation
between the follow-up quantity of the objective lens 7
- with respect to the information track 9 and the tracking
offset quantity, which is described in, for example, “Op-
tical head for write-once disk with two perpendicular
axes” of “Optical Memory Symposium” (in 1985, Pages
97 through 102). FIG. 12 shows that, when a track
follow-up amount of the objective lens 7 is 100 um, the
tracking offset is generated by only about 0.08 um.
Usually, a tolerance of tracking offset is about 0.05 to
0.1 um so that it is seen that an offset value of 0.08 um
1s about the limit of the tolerance.

FIG. 13 1s a characteristic graph showing the relation
~ between the inclination of the information recording
medium 8 and the tracking offset quantity, which is
" described in Pages 224 through 229 of, for example,
“On-land Composite Pregroove Method for High
Track Density Recording” (by Y. Tsunoda et al), SPIE,
Vol. 695, 1986. In this case, it is shown that the informa-
tion recording medium 8 inclines at an angle of 1° to
generate a tracking offset of 0.11 pm to exceed the
aforesaid tolerance.

It is well-known that, when a twin-spot method for
taking a difference in the quantities of reflected light of
the side spots is used instead of the push-pull method,
the aforesaid problem of tracking offset is almost
solved. The twin-spot method 1s adopted to most pick-
ups for CD (compact disc).

The twin-spot method 1s described in, for example,
“Principles of Optical Discsystems” [(by G. Bouwhuis
et al), Adam Hilger Ltd., in 1985, Pages 71 to 72].

However, it is difficult to use the twin-spot method
for an apparatus using the two light beams L.1 and L2 as
shown in FIG. 10.

The reason for the above is that to obtain the side
- spots for detecting tracking error, when a diffraction
grating is disposed between the collimator lens 2 and
the beam shaping prism 3 as shown in FIG. 10, six light
spots P1 through P6 are created merely within several
ten um on the information track 9 as shown in FIG. 14.
In FIG. 14, reference numerals P3 and P4 designate side
spots generated from the recording beam L1, PS§ and P6
designate side spots generated from the reproducing

beam L2, and the distance between the recording spot 65

P1 and the reproducing spot P2 is about 20 to 30 um.
It is necessary in performing the tracking control of
reproducing beam 1.2 by the twin-spot method to pick
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up the reflected light only from the side spots P5 and
P6. However, as shown 1n FIG. 14, since intervals be-
tween the adjacent light spots P1 through P6 on the
information track 9 are very small as about 10 pm, it is
extremely difficult to separate the reflected light only of
the respective side spots PS5 and P6 by use of the spatial
filter 11 or the like. Also, there is a great possibility that
the recording reflected beam L1’ i1s larger in strength

than the reproducing reflected beam L2’ and thus, may

leak into the reflected hghts of side spots PS5 and P,
whereby it is more difficult to pick up the reflected light
of side spots PS and P6.

Also, it is difficult for an optical information recor-
ding/reproducing apparatus using one light beam for
both the recording and reproducing information to
adopt the twin-spot method. In this case, for example,
during the information recording, the light spots
formed on the information recording medium 8 are the
recording spot P1 and side spots P3 and P4 (refer to
FIG. 14) only, at which time the side spot P3 is posi-

side spot P4 is positioned on the already recorded infor-
mation track 9.

Accordingly, even in the state where no tracking
offset exists in the recording spot P1 during the informa-
tion recording, the quantities of reflected lights of side
spots P3 and P4 are different from each other, whereby
the use of the twin-spot method results in the occur-
rence of tracking offset.

Furthermore, the relative-positional relationship of
the recording spot P1 1s mechanically adjusted to coin-
cide with the position of the reproducing spot P2. But in
the conventional apparatus in FIG. 10, despite that one
objective lens 7 focuses the recording beam L1 and
reproducing beam L2 on the information recording
medium 8, the focusing error signal and tracking error
signal are obtained only from the reflected light of the
reproducing spot P2. Accordingly, when the informa-
tion recording medium 8 becomes eccentric to even
slightly deteriorate the parallelism between the line
connecting two light spots P1 and P2 and the informa-
tion track 9, the tracking offset is generated at the re-
cording spot Pl.

The conventional optical information recording/re-
producing apparatus, as above-mentioned, detects the
tracking error signal by use of the push-pull method,
thereby creating the problem in that the tracking offset
generated by the track follow-up of objective lens 7 or
the inclination of information recording medium 8 be-
comes larger and the tracking control cannot be stabi-
lized.

Also, since the focusing error signal and tracking
error signal are obtained only from the reflected light of
the reproducing spot P2, the parallelism between the
line connecting the light spots P1 and P2 and the infor-
mation track 9, deteriorates thereby making stable
tracking control impossible.

SUMMARY OF THE INVENTION

An object of the invention is to provide an optical
information recording/reproducing apparatus which
can reduce an tracking offset of the light spot caused by
a track follow-up of an objective lens or an inclination
of an information recording medium and perform stable
tracking control.

Another object of the invention is to provide an opti-
cal 1nformation recording/reproducing apparatus
which reduces a tracking offset of the light spot caused
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by a track follow-up of the objective lens, an inclination
of the information recording medium, or eccentricity of
‘the information recording medium, thereby enabling
the tracking control to be stably performed. |

The optical information recording/reproducing ap-
paratus of the present invention is provided with side
spot generating means for forming a pair of side spots
‘with respect to the reproducing spot, beam composing
means for composing a recording beam and a reproduc-
ing beam, and a tracking error detection system for
obtaining a tracking error signal by a twin-spot method
on the basis of side reflected beams.

The Optlcal information recordmg/reproducmg ap-
paratus in another of the present invention is provided
with side spot generating means, beam composing
means, a first tracking error detection system for obtain-
ing a tracking error signal St(R) by the twin-spot
method on the basis of the side reflected beams, a sec-
ond tracking error detection system for obtaining a
tracking error signal S$'t(R) by the push-pull method on
the basis of the reproducing reflected beam, a third
tracking error detection system for obtaining a tracking
error signal S't(W) by the push-pull method on the basis
of the recording reflected beam, and a fourth tracking
error detection system for obtaining a tracking error
signal St(W) on the basis of the tracking error signal
S't(W) and of the tracking error signal S't(R).

In the present invention, the tracking control for the

reproducing beam is performed on the basis of the
tracking error signal.

In the optical information recording/reproducing
apparatus in another embodiment of the present inven-
- tion, the reproducing beam is tracking-controlled on the
basis of the tracking error signal St(R) and the record-
ing beam is done so on the basis of that St(W).

The present invention is provided with the side spot
generating means for forming a pair of side spots with
respect to the reproducing spot, beam composing means
for composing the recording beam and reproducing
beam, and tracking error detection system for obtaining
the tracking error signal by the twin-spot method on the
basis of the side reflected beams, thereby performing
the tracking control for the reproducing beam on the
basis of the trackmg error signal. Hence, the invention is
advantageous in that the tracking offset of the light spot
‘caused by the track follow-up or the inclination of the
information recording medium is reduced and the track-
ing control is stably performable.

The optical information recording/reproducing ap-
- paratus in another embodiment of the present invention
" 1s provided with the side spot generating means, beam
composing means, a first tracking error detection sys-
tem for obtaining the tracking error signal St(R) by the
~ twin-spot method on the basis of side reflected beams, a
second tracking error detection system for obtaining the
tracking error signal S't(R) by the push-pull method on
the basts of reproducing reflected beam, a third tracking
error detection system for obtaining the tracking error
signal S't(W) by the push-pull method on the basis of
recording reflected beam, and a fourth tracking error
detection system for obtaining the tracking error signal
- St(W) on the basis of the tracking error signal S't(W)
and of the tracking error signal S't(R), thereby perform-
ing the tracking control of the reproducing beam on the
basis of the tracking error signal St(R) and that of the
recording beam on the basis of the tracking error signal
St(W). Hence, the present invention has the additional
advantage of providing the optical information recor-
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ding/reproducing apparatus which reduces the tracking
offset of the light spot caused by eccentricity of the
information recording medium and is performable of
further stable tracking control.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a structural view of an embodiment of an
information recording/reproducing apparatus of the
invention,

FIG. 2 is a perspective illustration of the irradiation
state of the light beams with respect to an information
recording medium in FIG. 1,

FIG. 3 is a structural view of an embodiment of an-
other of the present invention,

FIG. 4 1s a perspective illustration of the light receiv-
ing state of a four-divided photodetector in FIG. 3,

FIG. 5 1s a partially structural view of automatic gain
control device inserted into an error detection system in
the FIG. 3 embodiment,

FIG. 6 1s a partially structural view of a reproducing
light source in the FIGS. 1 and 3 embodiments, which
1s constituted of a semiconductor laser array,

FIG. 7 1s a partially structural view of part of the
optical system in the FIGS. 1 and 3 embodiments, in
which a lens actuator unit is only movable and other
parts are fixed to the base member,

FIG. 8 1s a structural view of a modified embodiment
of the invention, in which recording light sources are
composed of plural laser diodes,

FIG. 9 1s a structural view of an optical system differ-

~ ent in the FIGS. 1 and 3 embodiments,
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FIG. 10 1s a structural view of the conventional opti-
cal information recording/reproducing apparatus,

FIG. 11 is a perspective illustration of the irradiation
state of the light beam with respect to the information
recording medium in FIG. 10,

FIG. 12 1s a characteristic graph showing the relation
between the track follow-up quantity and the tracking
offset,

FIG. 13 1s a characteristic graph showing the relation
between the inclination of information recording me-
dium and the tracking offset, and

F1G. 14 15 a perspective illustration of the irradiation
state of the light beams with respect to the information
recording medium at another conventional optical in-
formation recording/reproducing apparatus.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 1s a structural view of an embodiment of the
present invention, reference numeral 7 through 9 and 20
are the same as the above mentioned. And reference
numeral 2A and 2B, 4A and 4B, 6A and 6B correspond
to the collimator lens 2, the polarizing beam splitter 4, 1
wavelength plate respectively.

Reference numeral 1A designates a light source com-
prising a semiconductor laser emitting a recording light
beam L1 of wavelength A;, and 1B designates a light
source comprising a semiconductor laser emitting a
reproducing beam L2 of wavelength A,.

Reference numeral 24 designates a diffraction grating
for generating tracking side beams, which is disposed
between the collimator lens 2B and the polarizing beam
splitter 4B, adapted to convert the reproducing beam
L2 to a reproducing beam L2P including side beams,
and constitutes side spot generating means for forming a
pair of side spots PS5 and P6 (refer to FIG. 14).
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Reference numeral 27 deéignates a reflection mirror
disposed on the optical path of the reproducing beam

L2P passing the § wavelength plate 6B, and 28 desig-

nates a dichroic beam splitter acting as beam composing
means which transmits the recording beam L1 of wave-
length A;-and reflects the reproducing beam L2P of
wavelength A2. The dichroic beam splitter 28 is dis-
posed at the intersection of the recording beam L1
passing the 1 wavelength plate 6A and reproducing
beam L2P reflected by the reflector 27.

Reference numeral 29 designates a tracking mirror
disposed on the optical paths of the two light beams L1
‘and L2P composed by the dichroic beam splitter 28,
which projects the light beams .1 and L2P toward the

information recording medium 8 and rotates in the di-

rection of the arrow T1 so as to tracking-control the
reproducing beam L2P.

Reference numeral 30 designates a wavelength filter
for transmitting therethrough only a recording -re-
flected beam L1’ of wavelength Aq, and 31 designates a
photodetector for receiving the recording the recording

reflected beam L1’ passing the wavelength filter 30.

- Reference numeral 32 designates a wavelength filter
transmitting therethrough only a reproducing reflected
beam L2P’ of wavelength A;, and 33 designates a con-
vex lens disposed on the optical path of the reproducing
reflected beam L2P’ passing through the wavelength
filter 32.

Reference numeral 34 designates a four-divided pho-
todetector for receiving the reproducing reflected beam
~ L2’ and side reflected beam L5’ and L6’ divided by the

convex lens 33, which is adapted to receive the repro-
ducing reflected beam L2’ at a pair of central receiving
surfaces 48 and the side reflected beams LS’ and L6’ at
both end receiving surfaces 46 and 47.

Reference numeral 41 designates a differential ampli-
fier fetching a difference between the signals from the
hight receiving surfaces 46 and 47 so as to output a
tracking error signal St(R) by the twin-spot method, the
tracking error signal St(R) drivingly controlling the
tracking mirror 29 as the tracking actuator for the re-
producing beam L2(L2P). Accordingly, the differential
amplifier 41 and tracking mirror 29 constitute a tracking
control system with respect to the reproducing beam
L.2(L2P).

The wavelength filter 32, convex lens 33, four-
divided photodetector 34 and differential amplifier 41,
constitute a tracking error detection system for the
reproducing beam L2(L2P) by the twin-spot method.

In addition, a focusing error detection system, which

can be relied on the well-known knife edge method
(refer to FIG. 10) or the astigmatic method, is not
shown.
- FIG. 2 is perspective illustration of the irradiation
states of light beams L1 and L2 with respect to the
information track 9 in FIG. 1, in which reference nu-
merals P1, P2, PS5, P6 and 21 are the same as the afore-
satd ones.

Next, explanation will be given on operation of an
embodiment of the optical information recording/re-
producing apparatus of the invention.

For the usual information recording/reproducing

operation, the recording beam L1 of wavelength A;

emitted from the light source 1A passes the collimator
lens 2A, polarizing beam splitter 4A, } wavelength plate
6A and dichroic beam splitter 28 and is reflected by the
tracking mirror 29. It is then focused on the information
track 9 at the information recording medium 8 through
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8

the objective lens 7 so as to form the recording spot P1,
which, in turn, forms the pit 21 to record the informa-
tion and is simultaneously reflected from the informa-
tion recording medium 8, thereby constituting a record-
ing reflected beam L1

The recording reflected beam L1’ again passes the

objective lens 7, tracking mirror 29, and dichroic beam
splitter 28, and then is reflected by the polarizing beam
splitter 4A. It subsequently is received by the photode-
tector 31 through the wavelength filter 30 and is used as
a real-time monitor of recording condition.
- The reproducing beam L.2 of wavelength A emitted
from the light source 1B passes the collimator lens 2B
and passes the diffraction grating 24 as reproducing
beam L2P including the side beams. The reproducing
beam L2P passes the polarizing beam splitter 4B and i
wavelength plate 6B, and is reflected by the reflector
27, to the dichroic beam splitter 28 where it is again
reflected. The beam is then composed with the record-
ing beam L1. Thereafter, the reproducing beam 2P is
condensed through the optical system as the same as the
recording beam L1 on the information track 9 after
recorded, thereby forming the reproducing spot P2 and
side spots PS5 and P6.

The reproducing reflected beam L2P’ from the light
spots P2, PS and P6 again passes the above-mentioned
optical system so as to be reflected by the polarizing
sphitter 4B, and 1t passes the wavelength filter 32 and
convex lens 33 so as to be divided into the reproducing
reflected beam L2’ and side reflected beams L5’ and
L6'. The beams are then received by the light receiving
surfaces 46 through 48 of the four-divided photodetec-
tor 34, at which time a signal representing the total
quantity of light of reproducing reflected beam L2’
from the light receiving surface 48 serves as the repro-
ducing signal for the recorded information. These sig-
nals are used to check simultaneously whether or not
the recording spot P1 properly records the information
during the recording thereof.

Meanwhile, the light receiving surfaces 46 and 47
receive the side reflected beams LS’ and L6’ from the
side spots PS and P6, and the differential amplifier 41
tetches a difference between the signals from the light
receiving surfaces 46 and 47 and adopts the twin-spot
method so as to output the tracking error signal St(R),
thereby performing the tracking control with respect to
the reproducing beam L2(L2P) through the tracking
mirror 29.

At this time, since the side spots P5 and P6 are formed
from the reproducing spot P2 only, the side reflected
beams LS" and L6’ are easy to detect. Also, since the
spots P2, PS and P6 are formed on the information track
after recording the information, no unbalance is created
In the quantity of reflected light from the side spots P5
and Pé.

In addition, the FIG. 1 embodiment cannot eliminate
the tracking offset caused by the deviation of parallel-
ism of the line connecting the recording spot P1 and
reproducing spot P2 with the information track 9,
whereby it is required to hold the relative positional
error between the recording spot P1 and the reproduc-
ing spot P2 within an allowable range with mechanical
accuracy.

Next, an embodiment of another of the present inven-
tion will be described in accordance with FIG. 3.

In FIG. 3, reference numerals 24, 27 through 30, 32
through 34, and 41 are the same as the aforesaid ones.
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Reference numeral 31A designates a two-divided
~ photodetector corresponding with the photodetector
31. Reference numeral 37 designates a tracking mirror
disposed on the optical path of the recording reflected
- beam L1 passing a § wavelength plate 6A, which ro-
tates in the direction of the arrow T2 corresponding to
the traversing direction of the information track 9 so as
to act as a tracking-control of the recording beam L1.
Reference numeral 38 designates a reflector for project-
mg the recording beam L1 as reflected by the trackmg
mirror 37 towards a dichroic beam splitter 28.

Reference numeral 42 designates a second differential
amplifier which fetches a difference between the signals
from a pair of central light receiving surfaces 48 at a
four-divided photodetector 34 so as to output the track-
ing error signal S't(R) by the push-pull method, 43
designates a third differential amplifier which fetches a
difference between the signals from the two-divided
| photodetector_BlA sO as to output the tracking error
signal S't(W) by the push-pull method, 44 designates a
fourth differential amplifier which fetches a difference
 between the tracking error signals S't(R) and S't(W) so
as to output a true tracking error signal St(W) of the
recording spot P1, and 45 designates a low-pass filter
which allows the D.C. to low-frequency component
from the tracking error signal St(W) to pass, thereby
driving tracking mirror 37. |

The aforesaid wavelength filter 32, convex lens 33,
four-divided photodetector 34, and differential ampli-
- fier 42, constitute a second tracking error detection
system by the push-pull method; the wavelength filter
30, two-divided photodetector 31A and differential
amplifier 43, constitute a third tracking error detection
system by the push-pull method, the differential ampli-
fier 44 constituting the fourth tracking error detection
system; and the differential amplifier 44, low-pass filter
45, and tracking mirror 37, constitute the tracking con-
trol system with respect to the recording beam L1.

FIG. 4 is an illustration showing the side reflected
- beams L5' and L6’ and reproducing reflected beam L2’
irradiated onto the light receiving surfaces 46 through
48 at the four-divided photodetector 34.

In addition, the irradiation state of recording beam
L1 and reproducing beam 1.2P with respect to the infor-
mation track 9 i1s as shown FIG. 2.

Next, explanation will be given on operation of an-
other embodiment of the present invention with refer-
ence to FIGS. 2 through 4.

The basic operation of information recording/repro-
ducing 1s the same as that in FIG. 1 except that the
tracking mirror 37 and reflector 38 are interposed on
the optical path of recording beam I.1 and recording
reflected beam L1'.

Since the tracking control for the reproducing beam
L2 is performed by the twin-spot method, the tracking
offset is not created by the track follow-up of the objec-
tive lens 7 or the inclination of the information record-
ing medium 8. In other words, a differential amplifier
41, as the same as above-mentioned, fetches a difference
between the signals from the light receiving surfaces 46
and 47 for receiving the side reflected beams LS’ and
L6’ so as to output the tracking error signal St(R) by the
twin-spot method, thereby driving and controlling a
tracking mirror 29.

Also, the tracking control for the recording beam L1
is performed as follows: - |

At first, the differential amplifier 43 fetches a differ-
ence between the signals from the two-divided photo-

10

detector 31A and outputs a tracking error signal S't(W)
regarding the recording beam L1 by the push-pull
method. The tracking error signal S't(W), as shown in
FIGS. 12 and 13, includes the tracking offset compo-
nent caused by the track follow-up of objective lens 7 or

‘the inclination of the information recording medium 8.

In other words, when the tracking error component of
the recording spot P1 is represented by At(W) and the

~ tracking offset component caused by the track follow-

101 up or the inclination of the information recording me-
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dium 8 is represented by 0, the tracking error signal
St(W) is given in the following equation:

S{W)=AuW)+b ]

Meanwhile, the differential amplifier 42 fetches a
difference between the signals from the light receiving
surfaces 48 for receiving the reproducing reflected
beam L2’ so as to output the tracking error signal S't(R)
of the reproducing beam L2 by the push-pull method,
the tracking error signal S't(R) also including the track-
ing offset component the same as the above-mentioned.
‘The reproducing spot P2, however, is properly con-
trolled on the information track 9 due to the tracking
control by the twin-spot method, the tracking error
signal S't(R) includes only the tracking offset compo-
nent & caused by the inclination of the information re-
cording medium 8 and so on. The tracking error signal
S't(R) 1s given in the following equation:

S'HR)=5 2

Next, the tracking error signals S't(W) and S't(R) are
applied to the differential amplifier 44, the tracking
error signal S't(R) output from the differential amplifier

42 being applied to the negative input terminal (~) at

the differential amplifier 44 and serving as the reference
for the tracking error signal St(W) with respect to the
recording beam L1. In this case, assuming that the
tracking error signals S't(W) and S't(R) are equal in
sensitivity to each other with respect to the track fol-
low-up or the inclination of the information recording
medium 8, the tracking error signal St(W) output from
the differential amplifier 44 is given in the following
equation:

S'W) — S'KR) 3
A W)

SH(W)

Accordingly, the tracking error signal St(W) dependent
only on the true tracking error quantity At(W) of the
recording spot P1 is obtained.

The tracking error signal St(W) is supplied to the
tracking mirror 37 through the low-pass filter 45 so as to
rotatable-drivingly control, in the direction of the
arrow T2, the tracking mirror 37 as the tracking actua-
tor for the recording beam L1.

Generally, the relative positional deviations of the
recording spot P1 and reproducing spot P2 are caused
by variation in the mechanical system and optical sys-
tem with the lapse of time, a temperature change, or
variation in mechanical dimension of the information
recording medium 8, whereby the frequency compo-
nent of relative positional deviation accompanied by
rotation of the information recording medium 8 may be
deemed to be nearly like DC. Accordingly, in order to
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stabilize a servo loop, the low-pass filter 45 limits a band
‘width of a tracking servo loop to a low frequency band.

Since the recording beam L1 and reproducing beam
L2P use an objective lens 7 in common, the recording
spot P1 is also controlled by a tracking servo at the
reproducing spot P2 through the tracking mirror 29.
Accordingly, for the recording beam L1, the recording
spot P1 need only be controlled so as to control the
relative posntlonal deviation perpendlcular to the infor-

mation track 9 with respect to-the reproducing spot P2

by use of the tracking error signal St(W) according to
the equation 3 .

~ In another embodiment of the present invention, the
tracking error signals St(W) and St(R) are obtained
which depend only on the tracking error with respect to
. -the recording beam L1 and reproducing beam L2P and

10
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are scarcely affected by the inclination of the informa-

~ tion recording medium 8 or the track follow-up,
thereby enabling the trackmg offset generated by the
inclination of the information recording medium 8 and
the track follow-up to be remarkably reduced.

Since the recording beam L1 is always applied with
the tracking servo with respect to the reproducing
beam L2, there is no fear that one llght spot P1 or P2
creates 4 tracking error by difference in the mechanical
dimension between the information recording mediums
8, whereby the tracking offset generated by the eccen-
tricity thereof can remarkably be reduced.

In addition, in the aforementioned embodiments, the
tracking error signals S't(W) and S’'t(R) are described to
be equal in sensitivity to each other with respect to the
tracking error or the inclination of the information re-
cording medium 8, but the sensitivity actually fluctuates
In' proportion to received quantities of light at of the
photodetectors 31A and 34. In order that such fluctua-
tion is suppressed and in order that the sensitivity with
respect to the tracking error or the inclination of the
“information recording medium 8 does not depend on
the light receiving quantity of each photodetector 31a
or 34, an automatic gain control unit, as shown in FIG.
3, must be inserted in the tracking servo loop.

In FIG. §, reference numeral 49 designates an adder
which fetches the sum of signals from the two-divided
photodetector 31A. Reference numeral 50 designates a
divider which divides the output signal of differential
amplifier 43 applied to an input terminal A from an
~ output signal of the adder 49 which is applied to an
input terminal B. The divider 50 outputs the quotient as
the tracking error signal S't(W). Reference numeral 51
designates an adder which fetches the sum of signals
from the light receiving surfaces 48 at the four-divided
photodetector 34, and reference numeral 52 designates a
divider which divides (by the output signal of the adder
51 applied to an input terminal B at the divider 52) the
output signal of differential amplifier 42 applied to an
input terminal A and which outputs the quotient as the
tracking error signal S't(R).

The automatic gain control unit comprising the ad-
ders 49 and 51 and dividers 50 and 52 is thus inserted,
thereby enabling the tracking signals S't(W) and S't(R)
which are not-dependent on the light receiving quantity
to be obtained.
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The embodiments in FIGS. 1 and 3 use the diffraction |

grating 24 as the side spot generating means for generat-
ing the side spots P5 and Pé6 for tracking, but, as shown
in FIG. 6, a semiconductor laser array 53 having three
light emitting points QI, Q2, and Q3 may be used in-
stead of the light source 1B. In this case, the light emit-

65
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ting pomt Q1 emts the reproducing beam L2 and the
points Q2 and Q3 emit the light beams for the side spots
PS5 and P6 so as to directly obtain a reproducing beam
L2P including the three light beams, thereby not requir-
ing the diffraction grating 24.

Also, in the embodiments shown in FIGS. 1 and 3, for
deviation of the optical axes between the respective
irradiation light and reflected light with respect to the
information recording medium 8 caused by the inclina-
tton thereof and track follow-up, the generation of
tracking offsets of light spots P1 and P2 is fully reduced.
Hence, as shown in FIG. 7, the objective lens 7, focus-
ing actuator 20 and tracking mirror 29 may be separated
from the body of optical system so as to be a movable
unit 54 of integral construction which is movable
through rotary shafts 56 with respect to a base member
53. Hence, since the movable unit 54 may be decreased
in weight, the light spots P1 and P2 are movable at high
Speed in the track traversmg direction, thereby reduc-
ing the access time in comparison with driving the en-
tire optical system.

Also, the embodiment in FIG. 3 is of two-beam con-
struction with the recording beam L1 of wavelength A;
and the reproducing beam 1.2 of wavelength A> never-
theless, multi-beam construction of three beams or more
may be used.

FIG. 8 1s a structural view exemplary of embodiment
employing multibeam two recording beams, in which
reference numeral 1C designates a light source such as
a semiconductor laser or the like for emitting a record-
ing beam L3 of wavelength A3. Reference numerals 2C,
4C and 6C designate a collimator lens, a polarizing
beam splitter and a { wavelength plate, sequentially
disposed on the optical path of the recording beam L3
respectively. Reference numeral 59 designates a track-
Ing mirror rotatable in the direction of the arrow T3 to
tracking-control the recording beam L3, and 60 desig-
nates a reflector for changing the optlcal path of record-
ing beam L3 through the tracking mirror 59.

Reference numeral 61 designates a dichroic beam
splitter which is disposed on the optical paths of record-
ing beams L1 and L3 and adapted to transmit the re-
cording beam L3 of wavelength A3 and to reflect the
recording beam L1 of wavelength A;. Reference nu-
meral 62 designates a dichroic beam splitter for compos-
ing the recording beams L1 and L3 and reproducing
beam L2 and adapted to transmit the recording beams
L1 and L3 of wavelengths A| and A3 and to reflect the
reproducing beam L2P of wavelength A,.

Reference numeral 63 designates a wavelength filter

~disposed at the reflecting side of the polarizing beam

splitter 4C which is adapted to selectively transmit only
a recording reflected beam L3’ of wavelength of As.
Reference numeral 64 designates a two-divided photo-
detector for detecting the tracking error signal with
respect to the recording beam L3, 65 designates a differ-
ential amplifier for fetching a difference between the

.signals from the two-divided photodetector 64, 66 des-

ignates a differential amplifier for fetching a difference
between the tracking error signals S't(W3) and S't(R)
from the differential amplifiers 42 and 65, and 67 desig-
nates a low-pass filter which allows the D.C. to low
frequency component to pass therethrough from the
tracking error signal St(W3) gained by the differential
amplifier 66, thereby driving the tracking mirror 59.
In this case, the wavelength filter 63, two-divided
photodetector 64 and differential amplifier 65, consti-
tute a tracking error detection system, and the differen-
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tial amplifier 66 and low-pass filter 67 constitute a track-
 ing control system. Also, the differential amplifiers 65
and 66 correspond to the differential amplifiers 43 and
44 respectively. Low-pass filter 67 corresponds to the
low-pass filter 45, and the tracking mirror 59 being
drivingly controlled in the same fashion as the tracking
mirror 37. |

- Also, in the embodiment shown in FIGS. 1 and 3, the
light beams L1 and L2P from the recording optical
system and reproducing optical system are composed
with each other by use of one dichroic beam splitter 28
and the polarizing beam splitters 4A and 4B provided at
the optical systems respectively. These beam splitters
4A and 4B the irradiation light comprising the record-
ing beam L1 and reproducing beam L2P from the re-

.. flected hght comprising the recording reflected beam

L1 and repmducing reflected beam L2P’. Alterna-

~ tively, as shown in FIG. 9, one polarizing beam splitter

for separating the reflected light may be disposed on the
optical path of the composite light beams L1 and L2P
emitted from the light sources 1A and 1B.
~ Referring to FIG. 9, reference numeral 68 designates
a dichroic beam splitter for composing the recording
beam L1 and reproducing beam L2P and adapted to
transmit the recording beam L1 of wavelength A; and
reflect the reproducing beam L2P of wavelength A».
Reference numeral 69 designates a polarizing beam
splitter for separating the irradiation light from the
reflected light with respect to the information recording
medium 8 and adapted to transmit the irradiation light
‘and reflect the reflected light. The beam splitter 69
together with the composing dichroic beam splitter 68
constitute the beam composing means. Reference nu-
meral 70 designates a § wavelength plate disposed on
the optical path between the polarizing beam splitter 69
and the tracking mirror 29. Reference numeral 71 desig-
nates a dichroic beam splitter for beam-separating dis-
posed on the optical path at the reflection side of polar-
1zing beam splitter 69, which transmits the recording
 reflected beam L1’ of wavelength A; and reflects the
reproducing reflected beam L2P' of wavelength Aj,
thereby separating the reflected beams L1 and L2P
from each other toward the tracking error detectlon
system.

In this case, in order to use a common polarizing
beam splitter 69, the polarizing directions of irradiation
hghts L1 and L2P are disposed in parallel to the draw-
ing plane, as shown by an arrow on the optical path.
The polanzing directions of the reflected lights L1’ and
L2P’ is perpendicular to the drawing plane.

Since the common section of the optical path is
longer in FIG. 9, variation in each light beam is re-
duced, thereby enabling the tracking control stable and
of high rehablhty

Furthermore, in the embodiment of FIGS 1 and 3,
the tracking mirror 29 is used for tracking control. Al-
ternatively, a two-dimensional actuator capable of
being driven perpendicularly to the information track 9
may be used instead of the focusing actuator 20, and the
tracking mirror 29 may be omitted.

POSSIBILITY OF INDUSTRIAL UTILIZATION

As seen from the above, the present invention is ap-
plicable not only to the optical information recording-
/reproducing apparatus using an optical disc but also to
an optical information recording/reproducing appara-
tus using a photocard or other optical recording media.

What is claimed 1s:
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1. An optical information recording and reproducing
apparatus comprising:
a light source for generating a recording beam;
a light source for generating a reproducing beam;
a lens for focusing the recording beam and the repro-
~ ducing beam onto an optical recording medium to
produce a recording light spot and a reproducing
light spot, respectively, on said recording medium;

means for forming an additional pair of light spots
from said reproducing beam wherein the additional
pair of spots are positioned adjacent to said repro-
ducing light spot;

means for composing said recording beam and repro-

- ducing beam so as to be irradiated onto said infor-

mation recording medium; and

a tracking error detection system for obtaining a

tracking error signal by a twin-spot method, said
error signal indicating a difference between light
signals reflecting off said optical recording medium
from said additional pair of light spots; and

a tracking controller responsive to said tracking error

signal for adjusting where the reproducing beam
strikes the optical recording medium.

2. An optical information recording and reproducing
apparatus as set forth in claim 1, wherein said means for
forming an additional pair of light spots is a diffraction
grating. |

3. An optical information recording and reproducing
apparatus as set forth in claim 1, wherein said light
source for generating the reproducing beam and said
means for forming an additional pair of light spots com-
prises a semiconductor laser array having a plurality of
light emitting points.

4. An optical information recording and reproducing
apparatus as set forth in claim 1 wherein said recording
beam and said reproducing beam have different wave-
lengths and said means for composing the recording
beam and the reproducing beam is a dichroic beam
splitter which transmits one of said recording beam and
reproducing beam and reflects the other.

5. An optical information recording and reproducing
apparatus as set forth in claim 1 wherein said recording
beam and said reproducing beam have different wave-
lengths and have the same polarization direction, and
said means for composing the recording beam and the
reproducing beam comprises a dichroic beam splitter
for composing said recording beam and reproducing
beam and a polarizing beam splitter for separating
beams striking the optical recording medium from the
hight signals reflecting off the optical recording me-
dium.

6. An optical information recording and reproducing
apparatus as set forth in claim 1 wherein said tracking
error detection system includes a four divided photode-
tector having a pair of light receiving surfaces, each for
receiving one of said light signals reflecting off the
optical recording medium from the additional pair. of
light spots and a differential amplifier for amplifying a
difference between signals received at said light receiv-

1ng surfaces and for outputting said difference as said

tracking error signal.

7. An optical information recording and reproducing
apparatus as set forth in claim 1 wherein said lens along
with a tracking mirror and a focusing actuator are
formed as a movable unit of integral construction.

8. An optical information recording and reproducing
apparatus comprising:

a light source for generating a recording beam;
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a light source for generating a reproducing beam;

a lens for focusing the recording beam and the repro-
ducing beam onto an optical recording medium to
produce a recording light spot and a reproducing
light spot, respectively, on satd recording medium;

means for forming an additional pair of light spots
said reproducing light spot which are positioned

~ adjacent to said light reproducing spot;

means for composing said recording beam and repro-
ducing beam so as to be irradiated onto said infor-
mation recording medium;

a first tracking error detection system for obtaining a
tracking error signal St(R) by a twin-spot method,
sald St(R) signal indicating an intensity difference
between light beams reflecting off said optical re-
cording medium from said additional pair of light
Spots;

a second tracking error detection system for obtain-
ing a tracking error signal St'(R) by a push-pull
method, being obtained by a reflected beam from
said reproducing light spot;

a third tracking error detection system for obtaining a
tracking error signal St'(W) by a push-pull method,
sald St'(W) signal being obtained by a reflecting
beam from said recording light spot; and

a fourth tracking error detection system for obtaining
a tracking error signal St(W) indicating a differ-
ence between said tracking error signal St'(W) and
said tracking error signal St'(R);

a tracking controller for controlling positioning of
said reproducing light spot on said optical record-
ing medium 1in response to said tracking error sig-
nal St(R) and for controlling positioning of said
recording light spot or said optical recording me-
dium i1n response to said tracking error signal
St(W). |

9. An optical information recording and reproducing
apparatus as set forth in claim 8, wherein said means for
forming an additional pair of light spots is a diffraction
grating. .

10. An optical information recording and reproduc-
Ing apparatus as set forth in claim 8, wherein said light
source for generating said reproducing beam and said
means for forming an additional pair of light spots com-
prises a semiconductor laser array having a plurality of
hight emitting points.

11. An optical information recording and reproduc- 45

ing apparatus as set forth in claim 8 wherein said record-
Ing beam and said reproducing beam have different
wavelengths and said means for composing the record-
ing beam and the reproducing beam is a dichroic beam
splitter which transmits one of said recording beam and
reproducing beam and reflects the other.

12. An optical information recording and reproduc-
ing apparatus as set forth in claim 8 wherein side record-
ing beam and said reproducing beam have different
wavelengths and have the same polarization directions,
and said means for composing the recording beam and
the reproducing beam comprises a dichroic beam split-
ter which transmits one of said recording beam and
reproducing beam and reflects the other, and a polariz-
ing beam splitter for separating beams striking the opti-
cal recording medium from the light signals reflecting
off the optical recording medium.
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13. An optical information recording and reproduc- .

Ing apparatus as set forth in claim 8 wherein;
said first tracking error detection system includes a
four-divided photodetector having light receiving
surfaces at both ends for receiving said light beams
reflected from the additional pair of light spots and
a pair of central light receiving surfaces for receiv-
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ing light beams reflected from the light reproduc-
ing spot and a first differential amplifier which
amplifies a difference between the signals from said
light recetving surfaces at both ends and which
outputs said difference as said tracking error signal
St(R);

satd second tracking error detection system including
a second differential amplifier which amplifies a
difference between the signals from said pair of
central light receiving surfaces and outputs said
difference as said tracking error signal S't(R);

said third tracking error detection system including a
two-divided photodetector for receiving light
beams reflected from said recording spot and a
third differential amplifier which amplifies a differ-
ence between the signals from said two-divided
photodetector and which outputs said difference as
said tracking error signal S't(W); and

sald fourth tracking error detection system including
a fourth differential amplifier which amplifies a
difference between said tracking error signals
St(R) and S't(W) and outputs said difference as
sald tracking error signal St(W).

14. An optical information recording and reproduc-
ing apparatus as set forth in claim 8 wherein said lens
along with a tracking actuator and a focusing actuator
are formed in a movable unit of integral construction.

15. An optical information recording and reproduc-
ing apparatus as set forth in claim 8 wherein:

said first tracking error detection systems includes

a four-divided photodetector having a light receiving
surface at both ends for receiving said light beams
reflected from the additional pair of light spots and
a pair of control light receiving surfaces for receiv-
ing light beam reflected from the reproducing light
spot, and

a first differential a.nplifier which amplifies a differ-
ence between the signals from said light receiving
surfaces at both ends and which outputs said differ-
ence as said tracking error signal St(R);

said second tracking error detection system including
a second differential amplifier which takes one
output signal of said pair of central light receiving
surfaces from the other output signal and outputs a
difference between the above signals,

a first adder which outputs the sum of the above
signals from said pair of central light receiving
output, and

a first divider which divides the output signal of said
second differential amplifier by the output signal of
said first adder and outputs a quotient as said track-
ing error signal S't(R);

said third tracking error detection system including a
two-divided photodetector for receiving light
beams reflected from said recording spot,

a third differential amplifier which takes one output
signal of said two-divided photodetector from the
other output signal, and outputs a difference be-
tween the above signals,

a second adder which outputs the sum of the above
signals from said two-divided photodetector, and

a second divider which divides the output signal of
said third differential amplifier by the output signal
of said second adder and outputs a quotient as said
tracking error signal St(W);

said fourth tracking error detection system includes a
fourth differential amplifier which amplifies a dif-
ference between said tracking error signals S't(W)
and S't(R) and outputs said difference as said track-

Ing error signal St(W).
x x x x ¥
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